Parsing ERK activation reveals quantitatively equivalent contributions from epidermal growth factor receptor and HER2 in human mammary epithelial cells.
HER2, a member of the epidermal growth factor receptor (EGFR) tyrosine kinase family, functions as an accessory EGFR signaling component and alters EGFR trafficking by heterodimerization. HER2 overexpression leads to aberrant cell behavior including enhanced proliferation and motility. Here we applied a combination of computational modeling and quantitative experimental studies of the dynamic interactions between EGFR and HER2 and their downstream activation of ERK to understand this complex signaling system. Using cells expressing different levels of HER2 relative to the EGFR, we could separate relative contributions of EGFR and HER2 to signaling amplitude and duration. Based on our model calculations, we demonstrated that, in contrast with previous suggestions in the literature, the intrinsic capabilities of EGFR and HER2 to activate ERK were quantitatively equivalent. We found that HER2-mediated effects on EGFR dimerization and trafficking were sufficient to explain the observed HER2-mediated amplification of epidermal growth factor-induced ERK signaling. Our model suggests that transient amplification of ERK activity by HER2 arises predominantly from the 2-to-1 stoichiometry of receptor kinase to bound ligand in EGFR/HER2 heterodimers compared with the 1-to-1 stoichiometry of the EGFR homodimer, but alterations in receptor trafficking yielding increased EGFR sparing cause the sustained HER2-mediated enhancement of ERK signaling.